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LUBRICATED HEAVY DIESEL FUEL PUMP

WITH PRECIPITATE BUILD-UP INHIBITING
FEATURES

TECHNICAL FIELD

The present invention relates generally to lubricated
heavy diesel fuel pumps, and more particularly to heavy
diesel fuel 1njection pumps having precipitate build-up
inhibiting features.

BACKGROUND ART

Heavy diesel fuel refers generally to the material that 1s
left over after crude o1l has been distilled. Heavy diesel fuel
typically has viscosity somewhere on the order of road tar at
ambient temperatures, and must normally be heated to
temperatures 1n excess of 400° Fahrenheit in order to make
the same sufficiently flowable through a fuel injection pump.
Due 1n part to the extremely high viscosity of heavy diesel
fuel, the current state of the art in relatively large diesel
engines confinues to be cam actuated fuel injection pumps.
In order to prevent the plunger from sticking or seizing, a
lubricant, such as lubricating oil, must often be employed. In
some cases, the lubricant itself can be a source of plunger
sticking and seizures due to the formation of precipitates
where the lubricating o1l comes 1n contact with the heavy
diesel fuel. One such precipitate includes the build-up of
calcium carbonate in a plunger bore where heavy diesel fuel
has migrated up the side of the plunger 1nto contact with the
lubricating o1l.

Because there 1s often a relatively tight clearance between
the reciprocating plunger and its bore, only a small amount
of calcium carbonate build-up 1s necessary to cause the
plunger to seize. Because of this problem, heavy diesel fuel
injection pumps are periodically removed, disassembled,
and cleaned 1 order to remove any calcium carbonate
build-up. Depending upon what constituent chemicals are
present in both the lubricating o1l and the heavy diesel tuel,
plunger sei1zures can occur 1n literally a matter of hours when
calctum carbonate build-ups are high. More often, heavy
diesel fuel injectors must typically be disassembled and
cleaned about every one thousand hours of operation.

The present i1nvention 1s directed to these and other
problems associated with precipitate build-up in heavy die-
sel fuel 1njection pumps.

DISCLOSURE OF THE INVENTION

A lubricated heavy diesel fuel pump with precipitate
build-up 1inhibiting features includes a pump body that
defines a plunger bore. A plunger with a first end separated
from a second end by a side surface 1s positioned i the
plunger bore and moveable between a retracted position and
an advanced position. A portion of the plunger bore and the
first end of the plunger define a pump chamber containing
heavy diesel fuel. The second end of the plunger 1s exposed
to lubricating oil, which mixes with the heavy diesel fuel
along a portion of the plunger’s side surface. At least one of
the pump body and plunger define at least one cleaning
oroove located adjacent the portion of the side surface of the
plunger.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectioned side elevational diagrammatic view
of a heavy diesel fuel injector according to the present
invention.

FIG. 2 1s a top sectioned diagrammatic view of the fuel
injector of FIG. 1 as viewed along section lines 2—2.
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FIG. 3 1s an enlarged partial side diagrammatic view of a
plunger according to one aspect of the present invention.

FIG. 4 1s an enlarged partial view of a guide portion with
ogrooves according to present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring now to FIGS. 1-3, a heavy diesel fuel injector
10 includes a pump body 11 that defines a plunger bore 12.
Pump body 11 also defines a nozzle outlet and a heavy diesel
fuel 1nlet 15 connected to a source of heavy diesel fuel 28.
A plunger 1s positioned 1n plunger 12 and 1s moveable
between a retracted position, as shown, and an advanced
position with each pumping cycle of fuel imector 10.
Plunger 30 includes a top end 31 separated from a bottom
end 32 by a side surface 33. Plunger 30 moves along a
plunger centerline 34 and has a generally cylindrical shape.
The bottom end 32 of plunger 30 and a portion of plunger
bore 12 define a fuel pressurization chamber 40 that 1s 1n
fluid communication with a nozzle chamber 42 via a nozzle
connection passage 41.

A needle valve member 50 is positioned 1n pump body 11
and 1s moveable between an 1nject position in which nozzle
chamber 42 1s open to nozzle outlet 16, and a closed position
in which nozzle chamber 42 1s blocked to nozzle outlet 16.
Needle valve member 50 1s biased toward 1ts closed position
by a needle return spring 51. As 1n a conventional 1njector
that uses distillate fuel, an amount of heavy diesel fuel enters
pump body 11 when plunger 30 1s undergoing its upward
return stroke. An amount of fuel 1s pumped out of nozzle
outlet 16 with each downward pumping stroke of plunger
30. The amount of fuel that leaves nozzle outlet 16 with each
pumping stroke of plunger 30 1s determined by the orien-
tation of helical fuel spill slot 36 with regard to fuel spill
passage 19. This angular orientation 1s controlled by a fuel
metering rack and pinion device 39 1n a convention manner.

The top end 31 of plunger 30 1s attached to a tappet 21.
Tappet 21 includes a rocker arm contact surface 22 that
defines a lubricating o1l inlet 17 which 1s connected to a
source of lubricating o1l 24. In order to maintain plunger 30
appropriately lubricated, engine lubricating oil enters at oil
inlet 17, circulates around first end 31 and along side surface
33, and eventually leaks back out of pump body 11 through
lubricating o1l outlet 18. The o1l then eventually returns to
the o1l sump 25 for recirculation 1n a conventional manner.
Both tappet 21 and plunger 30 are retracted between injec-
fion events by a tappet return spring 23.

Side surface 33 of plunger 30 includes a guide portion 35
that has a relatively tight clearance with respect to guide
bore portion 13 of plunger bore 12. Because of the relatively
tight clearance 1n this area, there 1s a need for lubrication in
order to prevent plunger 30 from becoming stuck. Although
lubricating o1l 1s at a relatively low pressure when supplied
to 1njector 10, some of the lubricating o1l finds 1ts way 1nto
oguide bore portion 13 1n order to maintain proper lubricity
around guide portion 35. Unfortunately, lubricating o1l has a
tendency to react with heavy diesel fuel and produce
precipitates, especially calctum carbonate deposits wherever
the two liquids come 1n contact. Because of the relatively
high pressures experienced in pump chamber 40 during an
injection event, over time an amount of heavy diesel fuel
will migrate up the side surface 33 of plunger 30 and come
in contact with downward migrating lubricating o1l in the
arca of guide bore portion 13.

In order to prevent the build-up of calcium carbonate and
other possible precipitates that can cause plunger seizure,
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cuide portion 35 of the present invention includes five
spaced apart cleaning grooves 37. As plunger 30 recipro-
cates up and down, the edges of cleaning grooves 37
continuously scrape guide bore portion 13 free of calcium
carbonate precipitate deposits. In addition to providing an
cdge by which these deposits can be continuously cleaned
from the bore wall, the volume defined by the cleaning
orooves provides a location where the deposits can accu-
mulate without undermining the performance of heavy die-
sel fuel injector 10. In order to prevent the mtroduction of
unnecessary stress points produced by right angles on
plunger 30, egrooves 37 preferably have a unshaped bottom
and slightly rounded edges.

Industrial Applicability

There are several competing considerations that need to
be taken i1nto account when one 1s determining the size,
shape and number of cleaning grooves for a particular heavy
diesel fuel 1injection pump. In order to prevent binding and
insure that plunger 30 continues to move along centerline
34, it 1s important that guide portion 35 have a relatively
large surface contact area. Thus, the accumulated widths of
all of the cleaning grooves 37 subtract some measurable
amount from this surface area. On the other hand, the
cleaning grooves must have sufficient widths to provide a
scrape surface edge instead of becoming plugged quickly
with calcium carbonate build-up. Experimental efforts have
shown that cleaning groove widths greater than about 0.1
millimeter will not become plugged, but i1t 1s generally
desired that the widths be less than 0.5 millimeters 1n order
o preserve a maximum guide surface contact arca on guide
portion 35.

Another consideration 1s the depth of the cleaning grooves
37. Here again, conflicting considerations are at work. If the
cleaning grooves are too shallow, there 1s 1nsufficient vol-
ume available for the accumulation of precipitate solids, and
therefore, injector 10 would still have to be disassembled
and cleaned almost as often as 1f there were no grooves at all,
as 1n the prior art. On the other hand, 1if the depth of cleaning
orooves 37 1s too deep, the strength of plunger 30 can be
undermined and high stress points can be created, which
could eventually lead to plunger breakage. It has been found
that creating cleaning grooves with a depth of greater than
about 0.1 millimeter but less than 0.5 millimeters provides
an adequate volume for the accumulation of precipitate
solids without seriously undermining the strength of plunger
30.

Another consideration 1s how many cleaning grooves
should be provided. While the preferred embodiment shows
annular cleaning grooves that lay 1n planes perpendicular to
centerline 34, some other arrangement could be provided.
One such possibility could be a single helically shaped
cleaning groove that encircles plunger 30 about four or five
times along its length. Another desirable possibility might be
a double, oppositely oriented, helix configuration. Such a
configuration would allow scraping to take place both when
the plunger 1s reciprocating and when 1t 1s rotating due to the
metering function. In any event, it 1s preferable that the
cleaning grooves be equally spaced apart and spread out
over the length of guide portion 35 1n order to minimize the
impact on the guide surface areca. It has been found that five
equally spaced cleaning grooves has worked better than
three equally spaced cleaning grooves. However, 1t 1s pos-
sible that six or more spaced apart cleaning grooves could
perform satisfactorily.

Another consideration 1s the prevention of the entry of
heavy diesel fuel into the lubricating o1l flow circuit in order
to prevent the creation and deposit of calcium carbonate
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precipitates at other locations within an 1internal combustion
engine. It has been found that the use of five spaced apart
cleaning grooves as shown 1n FIG. 3 provides a continuous
cleaning function of the present invention, and does so
without significantly raising the amount of heavy diesel fuel
that makes its way 1nto the lubricating o1l circuitry of the
engine. Even with the cleaning grooves of the present
invention, fuel injector 10 will periodically need to be
disassembled and the accumulated solids in the cleaning
ogrooves 37 removed 1n any suitable manner known 1n the
art. However, 1t 1s believed that by including cleaning
orooves according to the present invention, the time between
these maintenance cycles for a given injector can be greatly
increased over that of prior art heavy diesel fuel 1njection
pumps.

The above description 1s intended for 1llustrative purposes
only, and 1s not mtended to limit the scope of the present
invention 1n any way. For instance, those skilled in the art
will appreciate that the cleaning grooves of the present
invention could also be made on the inner guide bore portion
of the pump body instead of on the outer surface of the
plunger as shown 1n the preferred embodiment. In addition,
in order to obtain the maximum benefit of the cleaning
orooves according to the present invention, 1t 1s desirable
that the grooves sweep out the complete length of the guide
bore portion 13 with each reciprocation of plunger 30 during
normal loaded operating conditions of the engine 1n which
injector 10 1s mounted. Thus, various modifications could be
made to the disclosed embodiment without departing from
the mntended spirit and scope of the present invention, which
1s defined 1n terms of the claims as set forth below.

We claim:

1. A lubricated heavy diesel fuel pump with precipitate
build-up inhibiting features, comprising:

a pump body defining a plunger bore;

a plunger with a first end separated from a second end by

a side surface, and being positioned in said plunger
bore and moveable between a retracted position and an
advanced position;

a portion of said plunger bore and said first end of said

plunger defining a pump chamber containing heavy
diesel fuel;

said second end of said plunger being exposed to lubri-
cating oil and;

at least one of said pump body and plunger defining at
least one cleaning groove located adjacent said portion
of said side surface.

2. The pump of claim 1 wherein a portion of said side

surface 1s a guide portion with a tight clearance with respect
to said plunger bore; and

sald guide portion defining a plurality of cleaning

gTOOVES.

3. The pump of claim 1 wherein said at least one cleaning
ogroove 15 annular and lies 1n a plane perpendicular to a
centerline of said plunger.

4. The pump of claim 1 wherein said portion has a length;
and

said at least one cleaning groove sweeps over said length
when said plunger moves between said retracted posi-
tion and said advanced position.

5. The pump of claim 1 wherein said at least one cleaning
ogroove has a width greater than 0.1 mm but less than 0.5
mm.

6. The pump of claim 1 wherein said at least one cleaning
oroove has a depth greater than 0.1 mm but less than 0.5
mm.
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7. The pump of claim 1 wherein said portion defines at
least five spaced apart annular cleaning grooves that lie 1n
planes perpendicular to a centerline of said plunger and
having widths greater than 0.1 mm.

8. The pump of claim 1 wherein said pump body defines
a nozzle outlet 1 fluid communication with said pump
chamber; and

a needle valve member positioned 1 said pump body and
being moveable between an inject position 1 which
said nozzle outlet 1s open, and a closed position 1n
which said nozzle outlet 1s blocked.

9. A heavy diesel fuel injection pump with precipitate

build-up i1nhibiting features, comprising:

a pump body defining a plunger bore;

a plunger with a first end separated from a second end by
a side surface, and being positioned 1n said plunger

bore and moveable between a retracted position and an
advanced position;

a portion of said plunger bore and said first end of said

plunger defining a pump chamber containing heavy
diesel fuel;

said second end of said plunger being exposed to lubri-
cating oil; a guide portion of said side surface having a
tight clearance with respect to said plunger bore; and

at least one of said pump body and said guide portion of
said plunger defining a plurality of cleaning grooves
located adjacent said guide portion.

10. The heavy diesel fuel injection pump of claim 9
wherein said plurality of cleaning grooves are annular and
lie 1n planes perpendicular to a centerline of said plunger.

11. The heavy diesel fuel injection pump of claim 9
wherein said guide portion has a length; and

said plurality of cleaning grooves sweep over said length
when said plunger moves between said retracted posi-
tion and said advanced position.

12. The heavy diesel fuel injection pump of claim 9
wherein said plurality of cleaning grooves have widths
orcater than 0.1 mm but less than 0.5 mm.

13. The heavy diesel fuel injection pump of claim 9
wherein said plurality of cleaning grooves have depths
orecater than 0.1 mm but less than 0.5 mm.

14. The heavy diesel fuel i1njection pump of claim 9
wherein said guide portion defines at least five spaced apart
annular cleaning grooves that lie 1n planes perpendicular to
a centerline of said plunger and having widths greater than
0.1 mm.
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15. The heavy diesel fuel injection pump of claim 9
wherein said pump body defines a nozzle outlet 1n fluid
communication with said pump chamber; and

a needle valve member positioned 1n said pump body and
being moveable between an inject position 1n which
said nozzle outlet 1s open, and a closed position 1n
which said nozzle outlet 1s blocked.

16. A heavy diesel fuel 1njection pump with precipitate

build-up inhibiting features, comprising:

a pump body defining a plunger bore 1n fluid communi-
cation with a nozzle outlet;

a plunger with a first end separated from a second end by
a side surface, and being positioned in said plunger
bore and moveable between a retracted position and an
advanced position;

a portion of said plunger bore and said first end of said

plunger defining a pump chamber containing heavy
diesel fuel;

said second end of said plunger being exposed to lubri-
cating oil;
at least one of said pump body and plunger defining at

least one cleaning groove located adjacent said portion
of said side surface; and

a needle valve member positioned 1n said pump body and
being moveable between an inject position 1n which
said nozzle outlet 1s open, and a closed position 1n
which said nozzle outlet 1s blocked.

17. The heavy diesel fuel mjection pump of claim 16
wherein a portion of said side surface defines a plurality of
cleaning grooves that are annular and lie 1n planes perpen-
dicular to a centerline of said plunger.

18. The heavy diesel tuel mjection pump of claim 17
wherein said portion has a length; and

said plurality of cleaning grooves sweep over said length
when said plunger moves between said retracted posi-
tion and said advanced position.

19. The heavy diesel fuel mjection pump of claim 18
wherein said plurality of cleaning grooves 1s at least five
cleaning grooves having widths greater than 0.1 mm.

20. The heavy diesel fuel injection pump of claim 19
wherein said plurality of cleaning grooves have depths
oreater than 0.1 mm.
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